New bithiazole-type antibiotics, cystothiazoles A (C20H26N2O4S2) and B (C20H26N2O5S2), have been isolated from a culture broth of the myxobacterium, Cystobacter fuscus. The gross structures of these compounds were elucidated by spectroscopic analysis, and their absolute stereochemistry was determined by chemical degradation of cystothiazole A. Cystothiazole A inhibits fungi and human tumor cells, whereas it is inactive against bacteria. The antifungal activity appears to result from the inhibition of submitochondrial NADH oxidation. Although these compounds are structurally related to the known antibiotic myxothiazol, cystothiazole A was more active against fungi and less cytotoxic than myxothiazol.
1-1 Suzuki-cho, Kawasaki-ku, Kawasaki 210, Japan (Received for publication October 29, 1997) New bithiazole-type antibiotics, cystothiazoles A (C20H26N2O4S2) and B (C20H26N2O5S2), have been isolated from a culture broth of the myxobacterium, Cystobacter fuscus. The gross structures of these compounds were elucidated by spectroscopic analysis, and their absolute stereochemistry was determined by chemical degradation of cystothiazole A. Cystothiazole A inhibits fungi and human tumor cells, whereas it is inactive against bacteria. The antifungal activity appears to result from the inhibition of submitochondrial NADH oxidation. Although these compounds are structurally related to the known antibiotic myxothiazol, cystothiazole A was more active against fungi and less cytotoxic than myxothiazol.
In recent years a number of novel secondary metabolites have been discovered from myxobacteria, which have now been recognized as a rich source of new antibiotics. One of the most significant examples are the epothilons1), which are attracting attention of many researchers2,3). In the course of our search for bioactive compounds from myxobacteria by using an inhibition assay against the phytopathogenic fungus, Phytophthora capsici4), we found two new antifungal substances from a myxobacterium strain AJ-13278, which was identified as Cystobacter fuscus. These antibiotics termed cystothiazoles A and B (Fig. 1) are structurally related to myxothiazol, an antibiotic from the myxobacterium, Myxococcus fulvus5), and show a broad antifungal spectrum. This paper describes the production, isolation, physico-chemical properties, structural elucidation, absolute stereochemistry, and biological activity of cystothiazoles.
Microorganisms
Bacterial strain AJ-13278 was isolated from a soil sample collected at Kamakura, Kanagawa, Japan. According to the BERGEY's Manual of Determinative Bacteriology, the strain was identified as Cystobacter fuscus, a member of fruiting gliding bacteria, myxobacteria.
This strain was deposited at the National the seed culture thus obtained were inoculated into a 500-ml Erlenmeyer flask containing 100ml of a production medium. The production medium was the same as the seed medium except that 2% (w/v) adsorber resin SP207 (Mitsubishi Chemical Co.) was added to promote the productivity of the active substances. The fermenta-
Isolation
The bacterial cells and the adsorber resin were collected from 2. Positive FAB-MS showed the pseudomolecular ion (M+H)+ at 423 for cystothiazole A and 439 for cystothiazole B, and high-resolution FAB-MS revealed the molecular formulae C20H26N2O4S2 and C20H26N2O5S2, respectively. The molecular formula of cystothiazole A was also supported by elemental analysis. The UV spectra of cystothiazoles A ( Table 2 . The above partial structures and the rest of the molecule [three methoxyl groups, an olefinic methine (C-2), and quaternary carbons (C-1 and C-3)] were also connected by the HMBC experiment to give the gross structure of cystothiazole A. The E geometry of the trisubstituted double bond at C-2 was evidenced by difference NOE data (H-2/3-OMe). The gross structure of the minor product cystothiazole B was elucidated by comparison with the spectral data for cystothiazole A. The 1H NMR data (Table 2) were similar to those for cystothiazole A except for the data for the isopropyl group (C-14 to C-16): the signals due to the methine proton H-14 disappeared and the methyl protons H-15 and H-16 were observed at a lower field as a singlet. These findings and the fact that the molecular formula of cystothiazole B is more than that of cystothiazole A by one oxygen suggest that cystothiazole B is 14-hydroxycystothiazole A.
The stereochemistry of cystothiazole A was determined by degradation experiments. Ozonolysis of cystothiazole A followed by an oxidative treatment with hydrogen 
Biological Properties
The minimum inhibitory amounts of cystothiazoles A and B against Phytophthora capsici were determined to A, which was obtained in sufficient amount for the evaluation, the antimicrobial properties are investigated. The antimicrobial spectrum of cystothiazole A was summarized in Table 3 in comparison with myxothiazol7). Cystothiazole A was active against all fungi tested, but had no effect on bacteria. MICs were measured by serial dilution media [Potato dextrose broth (Difco)] of activity was same as that of myxothiazol, the potency of cystothiazole A was mostly higher. Cystothiazole A was also tested for the in vitro cytotoxicity by using human colon carcinoma HCT-116 and human leukaemia K562 cells ( The cystothiazoles are bithiazole-type antibiotics, which are structurally related to myxothiazol. While cystothiazoles were isolated from C. fuscus, myxothiazol was from a different species of myxobacteria. Furthermore other similar antibiotics termed melithiazoles A and B were also isolated from an another myxobacterium10). Although these suggest the presence of a similar biosynthetic pathway in different species, myxothiazol and melithiazoles themselves were not detected in the extract of C. fuscus. In our assay system with the filamentous fungus P. capsici, cystothiazole A showed a potent inhibition, and the activity was observed up to the filamentous branches decreased in both number and length. It is noteworthy that cystothiazole B is about 20-fold less active than cystothiazole A in spite of their high structural similarity. The extra hydroxyl group on the isopropyl group would serve as a detoxication factor by increasing hydrophilicity, or the isopropyl moiety may be responsible for the biological activity. The antimicrobial spectrum (Table 3) shows that the biological activity of cystothiazoles and myxothiazol is essentially same and confined within eukaryotes. The mechanism of action on fungi is supposed to be inhibition of respiration, since cystothiazole A interferes with NADH oxidation in a concentration similar to that of myxothiazol (Fig. 4) . Although cystothiazole A showed potent tumor cells tested, the IC50 values were significantly (10-fold) higher than that of myxothiazol. Furthermore, antimicrobial activity of cystothiazole A is a little higher than that of myxothiazol. It seems thus likely that cystothiazole A could be more promising than myxothiazol in pharmaceutical applications.
Experimental
General Organic extracts were dried over anhydrous Na2SO4.
Evaporation of solvents was carried out with a rotary evaporator under reduced pressure (ca. 3kPa). Fuji Silysia silica gel BW-300 was employed for column chromatography. Precoated silica gel 60 F254 and RP-18 WF254 plates (E. Merck) were used for thin-layer chromatography (TLC). HPLC was performed on a JASCO high-pressure gradient system with PU-980 pumps. Melting points were uncorrected. Optical rotations were measured with a JASCO DIP-370 digital polarimeter. IR spectra were recorded on a JASCO FT/IR-7000S. UV spectra were recorded on a JASCO Ubest-50UV/VIS spectrophotometer. NMR spectra were recorded on a Bruker-ARX400 (400MHz) or a JEOL EX-270 (270MHz). NMR chemical shifts were on a JEOL Mstation JMS-700 mass spectrometer in the FAB mode using m-nitrobenzyl alcohol as a matrix.
Assay Method
Antifungal activity of fermentation broths and chromatographic fractions was evaluated by a paper disc assay using P. capsici. In a typical assay, an agar piece (5mm in diameter) containing mycelia of P. capsici previously grown on a synthetic agar medium (1 liter medium contains: sucrose 10g, monosodium glutamate 60% humidity for 2 days, the colony was grown to containing a test sample was placed one cm away from the edge of the colony. After incubation for an additional one day under the same condition, distance between edges of the colony and the paper disc and morphological changes on growing hyphae were compared with a solvent control. Antibiotic spectra were studied by the conventional paper disc method and by MIC method 
